Following the conventional carbon allotropes of diamond and graphite, fullerene, carbon nanotubes (CNTs) and graphene as 0D, 1D and 2D graphitic macromolecules have been discovered recently in succession, declaring the unlimited potential of carbon-based nanomaterials and nanotechnology. Although CNTs exhibit significant potential applications in advanced materials and other fields due to their extraordinary mechanical strength and electrical/thermal conductivity properties, their low solubility, poor wettability and bad dispersibility in common solvents and solid matrices have limited their processing and applications. Thus, the attempt to achieve wettable/processable CNTs by functionalization has attracted increasing attention in both scientific and industrial communities. In recent years, azide chemistry has been demonstrated as a powerful means to covalently modify CNTs. It consists of two major approaches: click chemistry and nitrene chemistry, which both involve the usage of various azide compounds. The former one is based on highly reactive and stereospecifical Cu(I) catalyzed azide-alkyne cycloaddition reaction; the latter one is based on the electrophilic attack to unsaturated bonds of CNTs with nitrenes as reactive intermediates formed from thermolysis or photolysis of azides. In this mini-review paper, the azide chemistry to functionalize CNTs is highlighted and the corresponding functionalization routes to build CNT-based complex structures are also discussed. Besides, covalent functionalizations of other graphitic nanomaterials such as fullerence and graphene, via azide chemistry, are commented briefly. 
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Despite such fascinating properties and significant potential applications, CNTs showed low solubility, poor wettability and bad dispersibility in common solvents and solid matrices, which pose a big challenge for their processing and applications. To meet such a challenge, chemistry approach was employed to modify the outer surface bonds of CNTs. Triggered by the pioneering work of Smalley [10] and Haddon [11] , thousands of relevant papers and hundreds of patents have been published, which developed into the new research rush of chemistry of CNTs, as demonstrated by the further increasing publications (see Fig. 2 ). Except the dispersing and wetting of CNTs, chemical functionalization may result in other effects: (1) introduction of reactive functional groups on CNT surfaces, (2) grafting of polymer chains on CNTs, (3) fabrication of hybrid structures with integrated and tailor-made properties, (4) tuning the intrinsic properties of CNTs such as hydrophobicity, conductivity, optical property, biocompatibility, toxicity, etc., and (5) expanding the applications of CNTs.
Various chemical reactions such as hydrogenation [12] , halogenation [13] , esterification [14] , amidation [15] , cycloaddition [16] , radical addition [17] , nucleophilic addition [18] , electrophilic addition [19] , inorganic complex addition [20] , ozonolysis [21] , surface-initiated polymerization [22] [23] [24] , and physical methods such as plasma treatment [25] , π-π stacking [26] and solid-phase mechanical milling [27] have been tried to functionalize CNTs, offering alternative approaches to solubilization of CNTs with desired functionality and surface characters. These have been summarized and commented in recently published reviews. Considering the versatility and efficiency of CNT functionalization, the attention of this mini-review will be paid to azide chemistry that mainly includes azide-alkyne click chemistry and nitrene chemistry.
Functionalization of CNTs via click chemistry
The concept of azide-alkyne click chemistry [29] . It has exhibited great synthetic advance in chemistry, biology, and materials science [30] . Its application in functionalization of CNTs has been proved to be very successful and is presented in the following context.
Click coupling functionalization
This type of functionalization of CNTs is typically a covalent-bond functionalization, and generally involves three main steps: (1) modification of CNTs with reactive azide or alkyne groups, (2) modification of the decorations (i.e., clickable reagents) with corresponding groups (alkyne or azide), (3) click coupling between CNTs and decorations. As far as we know, the decorations can be polymers, nanocrystals and functional organic compounds (see Table 1 ). Preparation of CNTs coated with amphiphilic polymer brushes was first reported by our group by combining conventional "grafting to" and "grafting from" strategies and using a clickable macroinitiator (see Scheme 3) [34] . The Covalent layer-by-layer (LbL) click chemistry was also introduced to functionalize CNTs (see Scheme 4) [35] . The clickable polymers of poly (2-azidoethyl methacrylate) (polyAzEMA) and poly (propargyl methacrylate) (polyPgMA)
were alternately coated on alkyne-modified CNTs, forming a core-shell structure. The TEM pictures (see Fig. 3 ) show that the thickness of the clicked polymer shell on CNTs increases considerably with increasing layers of polymer clicked on The preparation of CNT-Au nanocrystal composites was reported by Rao et al. [36] . The CNTs were first treated with concentrated HNO 3 to generate carboxyl groups on the surface, then with thionyl chloride to convert the carboxyl groups into acyl chloride, followed by reaction with 4-azidobutylamine to obtain azide-functionalized CNTs, and finally, reacted with hexynethiol-capped Au nanocrystals to afford the composites.
Gao and co-workers reported the preparation of superparamagnetic CNT-Fe 3 O 4 nanohybrids (see Scheme 5) via click chemistry [37] . The direct coupling between Table 2 .
Nitrene cycloaddition functionalization of CNTs
The pioneering work for the functionalization of CNTs via with many kinds of polymers, such as polyether [56] , poly (acrylic acid) [57] , poly (p-phenylene vinylene) [58] , polyferrocenylsilane [59] and so on. Preparations of the polymer composites with various structures, like star [56] , palmtree [60] , miktoarm [61] , and end-cap [56, 57] , were reported.
Recently, our group developed a facile technology to synthesize functional multilayer fullerenes (alternative name, carbon nano-onions, CNOs) in large-scale (see Scheme 11) [62] .
In situ ring-opening polymerization (ROP) of ε-caprolactone and ATRP of styrene were successfully carried out with CNO-OH and CNO-Br as initiators, respectively.
Preliminary functionalization of graphene via azide chemistry
Graphene, as an emerging 2D nanomaterial, is very attractive due to its unique attributes [63, 64] [67] . Now the chemistry of graphene and OGNs is calling chemists for more devotion to exploit this new mine.
Conclusions and outlook
Azide chemistry, including click chemisty and nitrene chemistry, has been demonstrated as a highly efficient, modular [66] .
